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1.0 INTRODUCTION 

This r epor t  descr ibes  the  prepdr-diion o f  a completely revised 

Affected charcoal f a c i l i t i e s  include both cooking ( b r i q u e t )  
and i ndus t r i a l  charcoal manufacturing processes which produce 
charcoal from a carbon source in e i t h e r  a continuous o r  batch process.  
Indus t r ia l  charcoal can be made by the same method and a t  t h ?  same 
time as cooking charcoal ; t he re fo re ,  t h i s  segment of the industry 
i s  included. I t  i s  estimated t h a t  ac t iva t ed  carbon production 
comprises 10 t o  15 percent of charcoal br ique t  and ac t iva ted  carbon 
production .3 

type processes has been a major problem. 
have been based upon published emission f a c t o r s .  These emission 
f a c t o r s ,  in turn, have been based upon experimental l a b  work and/or 
data  obtained from charcoal p lan ts  which were operated pr imari ly  
f o r  the recovery of wood chemicals, with charcoal production being 
of secondary i n t e r e s t .  

Products o f  charcoal manufacture are divided in to  f i v e  
categories:  
CzHg). pyroacids (p r imar i ly  a c e t i c  acid and methanol), t a r s  and 
heavy o i l s ,  and water.3 
var iab le  depending on raw mater ia l s  and carbonizat ion parameters. 
I t  i s  important t o  note t h a t  the ex ten t  t o  which organics and 
carbon monoxide a re  na tu ra l ly  combusted before leaving the r e t o r t  
var ies  from plan t  t o  p lan t .  
p a r t i c u l a t e  emissions, whereas uncombusted pyroacids may form 
aerosol emissions .8 

The manufacture of charcoal without emission control can 
r e s u l t  in the emission of any of the products of pyrolysis  of 
carbonaceous mater ia l s .  Over 200 products of vood pyrolysis  have 
been i d e n t i f i e d ,  and the l i s t  i s  not complete3 
quant i f ied uncontrolled emissions,  e i t h e r  by es t imate  or by sampling, 
f o r  uncontrolled emissions of :  p a r t i c u l a t e ,  carbon monoxide, 
methanol, a c e t i c  ac id ,  methane, ni t rogen oxides and nonmethane 
gases. 
b o t h  batch and continuous charcoal manufacture. 

Section 5.4. 

Determination of actual emissions from both batch and continuous 
Most reported emissions 

charcoal ,  noncondensible gases ( C O ,  C02, CH4 and 

Products and product d i s t r i b u t i o n  a re  

Uncombusted tars may s o l i d i f y  t o  form 

L i t e ra tu re  sources 

These species  a re  found in the uncontrolled emissions o f  
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2.0 PROCEDURE FOR REVISION OF CHARCOAL MANUFACTURING 
EMISSION FACTORS 

The procedure f o r  der iving new emission f ac to r s  i s  out l ined 
below. Bas ica l ly ,  emission f a c t o r  data  were extrac,ted from the 
ex i s t ing  AP-42 da ta  base ( re ferences  1 and 2 )  and c r i t i c a l l y  
examined; t e s t  r e s u l t s  and material  balances were obtained from new 
references,  and histograms were constructed u t i1  iz ing both the 
ex i s t ing  d a t a  base and the new information ava i l ab le  ( re ferences  
3-9). 
emission f a c t o r s  i s  contained in Sect ions 2 .2  t h r o u g h  2 .6 .  

Examination of reported data  used t o  determine the revised 

2.1 Conversion o f  Units 

Test r e s u l t s  and material  balances performed were expressed in 
both metric and English un i t s .  
are scaled t o  u n i t s  of g / k g  (kg/MT). Arithmetic averages determined 
from these histograms are  f u r t h e r  converted t o  uni t s  of lb / ton  f o r  
publ icat ion in the revised AP-42 sec t ion .  
f ac to r s  are used: 

Histograms used in t h i s  documentation 

The following conversion 

Ton ( s h o r t ,  2,000 lb-mass) = 907.4 kg 
Metric ton (MT) = Ton ( s h o r t ,  2,000 lb-mass) x 1.102 

2.2 P a r t i c u l a t e  Emissions 

Information ava i l ab le  concerning p a r t i c u l a t e  emissions was 
extracted from each reference and converted t o  un i t s  of g / k g .  
Material balance and laboratory s tud ie s  were performed in some of 
the l i t e r a t u r e  ( r e fe rences  1, 6, 8, 10) and several  t e s t  results 
were ava i lab le  ( r e fe rences  7 and 9 ) .  

The k i lns  t e s t ed  were Missouri-type k i lns ,  and no control  
devices were u t i l i z e d .  EPA Method 5 was used t o  t e s t  f o r  pa r t i c -  
u l a t e s .  Sampling uncontrolled batch k i lns  with mul t ip le  s tacks  
proved d i f f i c u l t  due t o  the low in t e rmi t t en t  flow t h r o u g h  these  
exhaust s tacks.  Sampling must be done over the e n t i r e  bu rn  cyc le  
t o  a r r i v e  a t  an overa l l  average emission per un i t  of production f o r  
a batch process. Also, instead of sampling each emit t ing s tack  
each day, the tes t  procedure c i t ed  in references 6 and 8 required 
compositing samples from a l l  e igh t  emit t ing s tacks in to  one d a i l y  
sample. I n  o ther  words, by sampling each emit t ing s tack in turn 
with the same sampling apparatus and without sample cleanup between 
s tacks ,  samples from the individual s tacks would be automatical ly  
canbined f o r  a d a i l y  average. 
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* e a 
A s i g n i f i c a n t  port ion of p a r t i c u l a t e  emissions from wood 

charcoal production i s  wood tars and o i l s .  These mater ia l s  wil l  
pass t h r o u g h  the EPA Method 5 f i l t e r  and condense in the f i r s t  
water impinger of the Method 5 t r a in .  
not include procedures f o r  recovery and quan t i f i ca t ion  of these 
materi a1 s. 

(kg/MT) was obtained (Figure 1) based on da ta  points  determined a s  
follows: 

EPA Method 5 cur ren t ly  does 

A histogram was p l o t t e d ,  and an a r i thmet ic  average of 133 g / k g  

Reference 1, paqe 4-31 

Par t icu la tes  ( tars ,  o i l s )  a r e  estimated t o  be approximately 
5 percent by w e i g h t  of the t o t a l  raw mater ia l  feed. 

8,000 l b  raw mat. (0.05 p a r t i c u l a t e s )  - - 400 l b  - - 
g / k g  t o n  charcoal raw mat. t o n  

Reference 5 ,  paqe 50 

200 l b  tar  (454) ( 2 . 2  1b) = 208 g / k g  
960 l b  charcoal l b  kg 

- Reference 6, paqe-6 

126.4 l b  
t o n  charcoal (w) (2 ,000 ton l b  ) x ( 2 ' 2 k A b )  = 63 g / k g  

) x l b )  = 72 g / k g  ton 
(???I (2 ,000 l b  kg 

144.7 l b  
ton charcoal 

t o n  ) x ( 2 ' 2  l b )  = 80 g / k g  
(2 ,000 l b  kg 

160.5 l b  
ton  charcoal 

Reference 7 ,  paqe 306 

) x l b )  = 176 g / k g  ton (w) (2 ,000  l b  kg 
193 x l o6  lb /yr  

548,000 tonlyr  charcoal 

Reference 8, paqe 6 

4.23 lb/hr(24 hr /day)(21 days)  2 .2  l b  - 
18 ton c,harcoal 

Reference 9 ,  paqe 28 

803 tons t a r  2,000 l b  ) = 416.4 lb / ton  = 208.2 g / k g  Yr ( ton x (3 ,8& t o n  
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3 Charcoal B r i q u e t t i n g  

Charcoal i s  crushed, mixed w i t h  a b inde r  so lu t i on ,  pressed 
This composit ion r e s u l t s  i n  a b r i q u e t  o f  approximately and dr ied.  

90 percent charcoal .  B r i q u e t t i n g  operat ions can c o n t r o l  p a r t i c u l a t e  
emissions w i t h  c e n t r i f u g a l  c o l l e c t i o n  (65 percent c o n t r o l )  o r  
f a b r i c  f i l t r a t i o n  (99 percent c o n t r o l ) .  

of 1.25 x 10-3 l b  p a r t i c u l a t e / l b  b r i q u e t  was converted t o  an 
uncon t ro l l ed  emission f a c t o r  assuming 95 percent c o n t r o l  e f f i c i e n c y  
and a b r i q u e t  con ta in ing  90 percent charcoal as fo l l ows :  

The i n d u s t r i a l  survey c o n t r o l l e d  p a r t i c u l a t e  emission f a c t o r  

1.25 lb parriculare controlled I b  b r i  uet 2 000 l b  2 0  l b  uncontrolled )(+)(*)(*) 4 5 4  - 28 4/*4 
(0.9 Ib ch:rcoai)(*)( Ib controlled lb briquet 

2.3 Nonmethane V o l a t i l e  Organic Compounds (NMVOCs) 

NMVOCs c o n s i s t  o f  both noncondensibles (ethane, formaldehyde 
and unsaturated hydrocarbons) and condensibles (methanol, a c e t i c  
ac id  and pyroacids).  

AP-42 sec t i on  were based on i n fo rma t ion  contained i n  re ference 1, 
page 4-34. 
performed t o  determine byproducts o f  t he  p y r o l y s i s  o f  hardwood. 
Emissions est imates o f  76 kg/MT (152 l b / t o n )  and 116 kg/MT (232 l b / t o n )  
were determined f o r  methanol and a c e t i c  acid, respec t i ve l y .  

The a c e t i c  a c i d  and methanol emissions repor ted i n  the  c u r r e n t  

Emissions data were der ived from an engineer ing ana lys i s  

Reference 3, page 59 

NMVOC emissions are repor ted as volume percent ethane and 
unsaturated hydrocarbons. To conver t  t o  a mass emission and emission 
f a c t o r ,  several assumptions were made: (1) a molecular weight o f  
35.1 g noncondensibles per mole noncondensibles was c a l c u l a t e d  
based on an "average" noncondensible composit ion t a b l e  (page 59), 
and (2) a noncondensible emission f a c t o r  o f  25 g noncondensibles per  
3 1  g charcoal produced ( re ference 4). 

.. - - .- -. ) (  mole noncondensible 
-- ~. - 

3 . 0 9  moles ethane  
100 mles noncondensibles 35.1 9 noncmdensible 

,454) (2.2 l b  ) = 198 g/kg 190 l b  pyroacids 
960 l b  charcoal l b  k9 

30 lb ethane 
960 l b  charcoal x (w) x (T) 2.2 l b  - - 31 g/kg 
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Reference 7, paqe 306 

t on  ) x l b )  = 67 g/kg 
(%?) ( 2,000 l b  kg 

73 x lo6 l b  methanol /y 
548,000 t o n l y r  charcoal  

t on  l b )  = 102 g/kg (w) ( 2,000 l b  ) ' ( k g  
112 lo6 l b  a c e t i c  a c i d l y  
548,000 t o n l y r  charcoal  

2.4 Methane VOCs 

References, 1,5,7 and 9 repo r ted  methane emissions i n  u n i t s  
which requ i red  d i f f e r i n g  convers ions t o  achieve a compat ib le  g/kg 
fonnat .  Reference 1, f o r  example, assumes the vo lumet r i c  makeup 
o f  t he  noncondensible gas t o  be 53  percent  carbon d iox ide ,  27 percent  
carbon monoxide and 15 percent  methane. To determine t h e  we igh t  
and emission r a t e  o f  these c o n s t i t u e n t s ,  t he  we igh t  o f  a pound 
mole o f  t he  c o n s t i t u e n t  gas was m u l t i p l i e d  by the  t o t a l  we igh t  o f  
the f l u e  gas and by t h e  vo lumet r i c  percentage o f  t he  c o n s t i t u e n t  
and d i v i d e d  by the  we igh t  o f  a pound mole o f  the f l u e  gas. A 
methane emission f a c t o r  o f  50 g/kg was determined. 

Reference 5, paqe 50 

1 = 57 g/kg 
2.2  l b  

kg x x ( 
55 l b  methane 

960 l b  charcoal  

Reference 7, paqe 306 

ton  
2,000 l b  ) x (';: lb) = 44 g/kg 

6 48  x 10 l b  methanelyr  
548,000 t on  c h a r c o a l l y r  

Reference 9, paqe 28 

222 tons 2,000 l b )  (*) '15 t on  lb = 58 g/kg Y r  ( t o n  

Based on the  methane emissions repo r ted  f o r  re fe rences  1,5,7 
and 9, an a r i t h m e t i c  average o f  52 g/kg was obtained. 

2.5 Carbon Monoxide 

Reference 1 assumes the  vo lumet r i c  makeup o f  the noncondensible 
gas t o  be 27 percent  carbon monoxide. To determine t h e  we igh t  and 
corresponding emission ra te ,  t he  same procedure was fo l l owed  as i s  
o u t l i n e d  under re fe rence 1, methane VOCs (2.4).  Accord ing ly ,  a 
carbon monoxide emiss ion f a c t o r  o f  160 g/kg was obta ined from 
re fe rence 1. 
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Reference 5,  paqe 50 

172 l b  CO 
960 l b  charcoal 

Reference 9 ,  paqe 28 

(454) x l b )  = 179 g / k g  
l b  kg 

691 tons (2,000 l b )  r 358 l b  = 179 g / k g  y r  t o n  (3,85: tons)  = ton  

Based on the emissions est imates  obtained from references 1, 
5 and 9 ,  an a r i thmet ic  average of 172 g / k g  was determined. 

2.6 Nitroqen Oxides ( re ference  3, paqe 62) 

The uncontrolled emission f a c t o r  f o r  nitrogen oxides was 
calculated assuming t h a t  no oxides of nitrogen were formed by 
thermal f i x a t i o n  o f  a i r  and t h a t  a l l  fuel  nitrogen was oxidized t o  
NO. Thermal f i x a t i o n  of a i r  i s  excluded since the normal operating 
temperatures of charcoal manufacture (approximately 500'C) are n o t  
h i g h  enough t o  promote NO formation. 

Nitrogen oxides formed from wood nitrogen were calculated 
assuming a l l  of the 0.14 percent nitrogen i n  wood was oxidized t o  NO. 
With the assumption t h a t  4 kg  of wood a r e  needed t o  produce 1 kg of 
charcoal,  the uncontrolled emission f a c t o r  is derived as follows: 

Oo0 wood) = 1 2  g / k g  (w) ( i g  chircoal  
0.14 q N 

100 g wood 
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3.0 EMISSION FACTOR RATINGS 

Very few da ta  are  ava i l ab le  t o  cha rac t e r i ze  emissions for 
charcoal manufacture. Most est imates  found in the l i t e r a t u r e  were 
derived from material  balance ca l cu la t ions  based on laboratory wood 
pyrolysis  s tud ies .  

Field sampling da ta  f o r  p a r t i c u l a t e s  i s  ava i l ab le ;  however, 
the r e s u l t s  are  of quest ionable  value because o f  the improvisational 
sampling techniques u t i1  ized. Sampling uncontrolled batch k i lns  
with mult iple  s tacks  proved d i f f i c u l t  due t o  the low in t e rmi t t en t  
flow t h r o u g h  these exhaust s t acks .  Velometers used were affected 
by ambient winds and possibly by the f l u e  gas cons t i t uen t s .  Sampling 
must be done over the e n t i r e  b u r n  cycle t o  arrive a t  an overal l  
average emission per un i t  of production f o r  a batch process. Also, 
instead of sampling each emitt ing s tack  each day, the t e s t  procedure 
c i t ed  in references 6 and 8 required compositing samples from a l l  
e igh t  s tacks in to  one d a i l y  sample. The necessary modifications of 
the sampling technique c a s t  d o u b t  on the representa t ive  nature  of 
the resu l t ing  da ta .  

previously ex is ted .  However, source t e s t s  performed were based on 
new methodology, and i t  i s  not known how rep resen ta t ive  laboratory 
and pyrolysis  s tud ie s  a r e  of actual  operat ing condi t ions within 
bo th  batch type and continuous type k i ln s .  Therefore, the derived 
emission f a c t o r s  wil l  r e t a i n  the C-rating es tab l i shed  f o r  the 
cur ren t  sec t ion .  

The emission f a c t o r s  were derived from a l a r g e r  data base than 
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5.4 CHARCOAL 

1-3 5.4.1 Process  Desc r ip t ion  

Charcoal is the  s o l i d  carbon r e s i d u e  fo l lowing  t h e  p y r o l y s i s  
( ca rbon iza t ion  or d e s t r u c t i v e  d i s t i l l a t i o n )  of  carbonaceous raw m a t e r i a l s .  
P r i n c i p a l  raw materials are medium t o  dense  hardwoods such as beech,  b i r c h .  
hard maple, h i ckory  and oak. Others are softwoods ( p r i m a r i l y  long  l e a f  and 
s l a s h  p ine ) ,  n u t s h e l l s ,  f r u i t  p i t s ,  c o a l ,  v e g e t a b l e  wastes and paper  m i l l  
r e s idues .  Charcoal is used p r i m a r i l y  as a f u e l  f o r  ou tdoor  cooking. I n  
some instances, i ts  manufac ture  may be cons idered  as a s o l i d  waste d i s p o s a l  
technique.  Many raw materials f o r  c h a r c o a l  manufacture  are wastes, as 
no ted ,  and cha rcoa l  manufacture  is a l s o  used i n  f o r e s t  management f o r  d i sposa l  
of r e f u s e .  

Recovery of a c e t i c  a c i d  and methanol byproducts  was i n i t i a l l y  r e s p o n s i b l e  
f o r  s t i m u l a t i o n  of t h e  c h a r c o a l  i n d u s t r y .  A y  s y n t h e t i c  p roduc t ion  of these 
chemicals  became commercial ized,  recovery  of acetic a c i d  and methanol became 
uneconomical. 

Charcoal manufactur ing can  be g e n e r a l l y  c l a s s i f i e d  i n t o  e i t h e r  ba t ch  
(45 pe rcen t )  or cont inuous  o p e r a t i o n s  (55 p e r c e n t ) .  Batch u n i t s  such as the 
Missour i  type cha rcoa l  k i l n  (F igure  5.4-1) are sma l l  manually loaded and 
unloaded k i l n s  producing t y p i c a l l y  16 megagrams (17.6 tons)  of  c h a r c o a l  
du r ing  a t h r e e  week cyc le .  Continuous u n i t s  ( i . e . ,  m u l t i p l e  h e a r t h  f u r n a c e s )  
produce an average of  2.5 megagrams (2.75 tons )  p e r  hour  of cha rcoa l .  
During t h e  manufactur ing p rocess ,  t h e  wood i s  hea ted ,  d r i v i n g  o f f  water and 
h igh ly  v o l a t i l e  o rgan ic  compounds (VOC). Wood tempera ture  rises t o  approxi -  
m a t e l y  275°C (527'F). and VOC d i s t i l l a t e  y i e l d  i n c r e a s e s .  A t  t h i s  p o i n t ,  
e x t e r n a l  a p p l i c a t i o n  of h e a t  is  no l onge r  r e q u i r e d ,  s i n c e  t h e  c a r b o n i z a t i o n  
r e a c t i o n s  become exothermic.  A t  350°C (66Z°F), exothermic  p y r o l y s i s  ends,  
and h e a t  is aga in  a p p l i e d  to remove t h e  less v o l a t i l e  t a r r y  materials from 
t h e  product  cha rcoa l .  

F a b r i c a t i o n  of b r i q u e t s  from raw m a t e r i a l  may be e i t h e r  a n  i n t e g r a l  
p a r t  of a cha rcoa l  producing f a c i l i t y ,  o r  an independent  o p e r a t i o n ,  w i t h  
cha rcoa l  be ing  rece ived  as r a w  m a t e r i a l .  Charcoal  is crushed ,  mixed w i t h  a 
b inder  s o l u t i o n ,  pressed  and d r i e d  t o  produce a b r i q u e t  of approx ima te ly  
90 p e r c e n t  cha rcoa l .  

5.4.2 Emissions and C o n t r o l s  3-9 

There are f i v e  types of cha rcoa l  p roduc t s ,  c h a r c o a l ;  noncondens ib le  
g a s e s  (carbon monoxide, ca rbon  d i o x i d e ,  methane and e t h a n e ) ;  py roac ids  
( p r i m a r i l y  acetic a c i d  and methanol);  tars and heavy o i l s ;  and water. 
Products  and product  d i s t r i b u t i o n  are v a r i e d .  depending on r a w  materials and 
c a r b o n i z a t i o n  parameters .  The extent t o  which o r g a n i c s  and carbon monoxide 
are n a t u r a l l y  combusted b e f o r e  leaving the r e t o r t  v a r i e s  from p l a n t  t o  
p l a n t .  I f  uncombusted. tars may s o l i d i E y  t o  form p a r t i c u l a t e  emis s ions ,  and 
pyroac ids  may form a e r o s o l  emiss ions .  

,' 
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Cont ro l  of emissions from ba tch  type  c h a r c o a l  k i l n s  is d i f f i c u l t  because  
Of t h e  c y c l i c  na ture  of t h e  p rocess  and, t h e r e f o r e ,  i ts  emissions.  Throughout 
a c y c l e ,  both t h e  emiss ion  composi t ion  and f low rate change. 
n o t  t y p i c a l l y  have emission c o n t r o l  d e v i c e s ,  b u t  some may use a f t e r b u r n e r s .  
Continuous p roduc t ion  of c h a r c o a l  is more amenable t o  emiss ion  c o n t r o l  t han  
are ba tch  k i l n s ,  s i n c e  emiss ion  composi t ion  and f low rate are r e l a t i v e l y  
c o n s t a n t .  
carbon monoxide and VOC by a t  least 80 p e r c e n t .  

Batch k i l n s  do 

Af terburn ing  is es t ima ted  t o  r educe  emis s ions  of p a r t i c u l a t e s ,  

B r i q u e t t i n g  o p e r a t i o n s  can c o n t r o l  p a r t i c u l a t e  emis s ions  w i t h  c e n t r i f u g a l  
c o l l e c t i o n  (65 p e r c e n t  c o n t r o l )  o r  f a b r i c  f i l t r a t i o n  (99 p e r c e n t  c o n t r o l ) .  

Uncont ro l led  emiss ion  f a c t o r s  f o r  t h e  manufac ture  of c h a r c o a l  a r e  shown 
i n  Table 5.4-1. 
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TABLE 5.4-1. UNCONTROLLED EMISSIZN FACTORS 
FOR CHARCOAL MANUFACTURING 

EMISSION FACTOR RATING: C 

P o l l u t a n t  Charcoal Manufacturing B r i q u e t t i n g  

b 
P a r t i c u l a t e  133 266 

Carbon monoxide‘ 172 344 

1 2  24 d Ni t rogen  ox ides  

voc 
52 104 

157 314 

e Me thane 

Nonme thane  f 

W M g  l b / t o n  

28 56 
- - 

~ 

a Expressed a s  weight p e r  u n i t  c h a r c o a l  produced. Dash n o t  
a p p l i c a b l e .  Reference 3. Af t e rbu rn ing  is e s t i m a t e d  t o  r educe  
emis s ions  of p a r t i c u l a t e s .  carbon m n o x i d e  and VOC >80%. B r i q u e t t i n g  
o p e r a t i o n s  can c o n t r o l  p a r t i c u l a t e  emis s ions  w i t h  c e n t r i f u g a l  
c o l l e c t i o n  (65% c o n t r o l )  o r  f a b r i c  f i l t r a t i o n  (99% c o n t r o l ) .  

P o l y c y c l i c  
o r g a n i c  m a t t e r  (POM) c a r r i e d  by suspended p a r t i c u l a t e s  was d e t e r -  
mined t o  average  4.0 mglkg (Reference 6 ) .  
References  1, 5 ,  9.  

dReference  3 (Based on 0.14% wood n i t r o g e n  c o n t e n t ) .  e References  1, 5 ,  7, 9. 
fRefe rences  1, 3 ,  5 ,  7. 

formaldehyde, u n s a t u r a t e d  hydrocarbons)  and c o n d e n s i b l e s  (methanol,  
a c e t i c  a c i d ,  p y r o a c i d s ) .  

b Inc ludes  tars and heavy o i l s  (References 1, 5-9). 

C 

C o n s i s t s  of bo th  noncondens ib les  ( e t h a n e ,  

Chemical P rocess  I n d u s t r y  5.4-3 
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5.4 CHARCOAL 

Pollutant 

5.4.1 Process Description] 

recovery plant recovery plant 
Iblton I kg1MT 1 Iblton I kg/MT 

Charcoal is generally manufactured by means of pyrolysis, or destructive distillation, of wood waste from 
members of the deciduous hardwood species. In this process, the wood is placed in a retort where it is externally 
heated for about 20 hours at 500 to 700°F (260 to 37OOC). Although the retort has air intakes at the bottom, 
these are only used during start.up and thereafter are closed. The entire distillation cycle takes approximateiy 24 
hours, the last 4 hours being an exothermic reaction. Four units of hardwood are required to produce one unit of 
charcoal. , 

Particulate (tar, oil) 
Carbon monoxide 
Hydrocarbon6 
CNde methanol 
Acetic acid 
Other gases (HCHO. N, NO) 

5.4.2 Emissions and Controls] 

- - 400 200 
32ob 160b 320b 16ob 
1 oob 5ob 1 oob 5ob 

60 30 6ob 3ob 

- 152 76 
- 232 116 

- 
- 

kR'the pyrolysis of wood, all the gases, tars, oils, acids, and water are driven off, leaving virtually pure carbon. 
All of these except the gas, which contains methane, carbon monoxide, carbon dioxide, nitrogen oxides, and 
aldehydes, are useful by-products if recovered. Unfortunately, economics has rendered the recovery of the 
distillate by-products unprofitable, and they are generally pennitted to be discharged to the atmosphere. If a 
recovery plant is xsilized, the gas is passed through water-cooled condensers. The condensate is then refined while 
the remaining cool, noncondensable gas is discharged to the atmosphere. Gaseous emissions can be controlled by 
means of an afterburner because the unrecovered by-products are combustible. If the afterburner operates 
efficiently, no organic pollutants should escape into the atmosphere. Emission factors for the manufacture of 
charcoal are shown in Table 5.4-1. 

Table 5.41. EMISSION FACTORS FOR CHARCOAL MANUFACTURINGatd 
EMISSION FACTOR RATING: C 

Type of operation 
With chemical I Without chemical 

'Calculated values based on data in Reference 2. 
bEmiuionr are negligible if afterturner is usad. 
CEx~mrred as methane. 
dEmiuion factors exprauad in units of tons of charcoal produced. 
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